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Description
BACKGROUND
1. Field of the Art
[0001] The present embodiments relate to measuring creping adhesive film characteristics.
2. Description of Related Art

[0002] A conventional creping process generally includes scraping a dried paper web from a drying cylinder (e.g., a
Yankee dryer), such as by the use of a creping doctor blade. The creping action puts very small folds or accordions in
the sheet which impart a fine, rippled texture to the sheet, which can increase the bulk, softness and absorbency of the
sheet.

[0003] Adhesion of the sheet to the drying cylinder is one factor that contributes to how the sheet crepes at the doctor
blade. Sheet adhesion may be controlled through application of an adhesive formulation onto the Yankee dryer surface.
The creping process typically involves applying the creping adhesive, such as in the form of an aqueous solution or
dispersion, to a drying surface for the web. Typically, this surface is the surface of a rotating heated creping cylinder,
such as the Yankee dryer. The paper web is then adhered to the indicated surface and later dislodged from the surface
with a creping device, e.g., a doctor blade. The impact of the web against the creping device ruptures some of the fiber-
to-fiber bonds within the web, causing the web to wrinkle or pucker. In this regard, fibrous webs, particularly paper webs,
are conventionally subjected to the creping process in order to give them desirable textual characteristics, such as
softness and bulk. Adhesive formulations can improve product quality and control of the papermaking process. Document
US 4883564 A discloses the addition of a phosphate salt to the creping adhesive formulation to reduce the problem of
the hard film build-up on the creping surface.

[0004] Drying cylinders such as the Yankee dryer are often operated at a variety of temperature conditions, for example,
ranging from about 90°C to 130°C. Recent trends have the creping conditions moving towards high temperature and/or
low sheet moisture. Under high temperature conditions, "rewettability" of the applied adhesive may affect adhesion of
the sheet to the Yankee dryer. Rewettability refers to the ability of a dry adhesive film on the dryer to absorb water, e.g.,
once in contact with the wet paper sheet. The adhesive is typically sprayed on the Yankee coating continuously. However,
the majority of the adhesion occurs by means of the adhesive deposited in previous passes. If the adhesive absorbs
greater amounts of water in contact with the sheet, the adhesive will be softer, resulting in a more intimate contact with
the sheet and providing increased adhesion between the sheet and the dryer.

[0005] The solubility of the adhesive film in water is another property affecting adhesion. The wet sheet before the
Yankee dryer typically contains 60% or more water. During the contact between the wet sheet and the Yankee dryer,
water from the sheet may wash off a portion of the deposited adhesive coating, which can decrease the efficiency of
the creping process. ltis often desirable to use an adhesive with low water solubility (high insolubility) so that the adhesive
film can withstand wash-off at the point of contact with the wet sheet, and form a more durable coating on the Yankee
surface.

[0006] Predicting performance of creping adhesives on a commercial machine is a challenging task, in part because
of the extremely dynamic nature of the creping process. The primary indicator of performance of creping adhesives has
been an adhesion test. The peel adhesion test is a common laboratory technique for characterizing adhesion of creping
adhesives.

[0007] Adhesion is a complex phenomenon that can be affected by various parameters. In a common process, the
adhesion development starts in the pressure roll nip at the point of the sheet transfer from the carrying fabric or felt onto
the Yankee dryer cylinder. The moisture from the wet sheet can rewet the partially or completely dried adhesive coating,
making it soft and pliable enough to form a good contact with the sheet but ideally not too soft that it is washed off the
Yankee dryer surface. Water is an effective plasticizer of the creping adhesive film, and can affect the adhesive film
softness. The rewet phenomenon affects the adhesion development. At the same time water can solubilize the adhesive
film, and potentially render it useless and inefficient. A certain level ofinsolubility is desirable for the adhesion development.
Therefore, characterization of film solubility, rewetting and softness characteristics can help develop an understanding
of the adhesion development on the Yankee dryer and for predicting performance of creping adhesives.

[0008] Conventional methods for characterizing rewetting, solubility and softness characteristics of creping adhesive
films involve preparation of uniform adhesive films, typically of a few millimeters in thickness. For rewetting and solubility
measurements, the films are immersed into water under controlled agitation, temperature and time. The mass gain
and/or loss of the films are then calculated to determine the rewet ratio or percent insolubility. For film softness meas-
urements, films are tested using a durometer to determine a relative hardness or using a more sophisticated rheometer.
In rheological measurements, the film undergoes mechanical stress under controlled temperature and stress rate. The
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film’s resistance to stress is measured to yield shear modulus, for example, which can be used to characterize the film
softness. The test time for many of these characterizations is greater than 10 hours, some test times are longer than 40
hours. Thus, itis difficult to use these tests to make real time adjustments. In addition, these methods require a preparation
of thick films (a few millimeter thickness); whereas, in comparison the thickness of typical adhesive films on the Yanke
dryer are about a few micrometers. The wetting and solubilization phenomena often depend on the thickness of the film
and therefore the correlation of results of conventional test methods to process conditions may be relatively poor. Another
potential downside of the conventional rewet methods is their use is often limited to insoluble or only partially soluble
adhesive films -- for fully-soluble adhesive films, moisture absorption may compete with the solubilization process,
resulting in a mass loss measurements rather than a mass gain, typically sought from a rewet measurement.

[0009] The description herein of certain advantages and disadvantages of known methods and compositions is not
intended to limit the scope of the present disclosure. Indeed the present embodiments may include some or all of the
features described above without suffering from the same disadvantages.

SUMMARY

[0010] In view of the foregoing, one or more embodiments include methods of modifying the creping adhesive film,
and the like

[0011] At least one embodiment provides a method for modifying the creping adhesive film disposed on a Yankee
dryer, including obtaining a sensor substrate having a creping adhesive film disposed thereon, where the creping adhesive
film has a composition that is the same as a creping adhesive film disposed on a Yankee dryer, measuring an oscillation
frequency of the sensor substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance
(QCM) technique, determining a characteristic of the creping adhesive film, and modifying a composition of the creping
adhesive film disposed on the Yankee dryer based on the determination of the characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figures 1A and 1B graphically illustrate film thickness profiles calculated from the QCMD test with a flow module.
Figure 2 graphically illustrates a film thickness profile calculated from the QCMD test with a humidity module.
Figures 3A to 3C graphically illustrate correlations between the % insolubility, rewet ratio, and shear modulus,
measured by conventional and QCMD methods.

Figures 4A to 4F graphically illustrate correlations between adhesive characteristics measured by QCMD at peel
adhesion at two extreme temperatures.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] Before the embodiments of the present disclosure are described in detail, it is to be understood that, unless
otherwise indicated, the present disclosure is not limited to particular materials, reagents, reaction materials, manufac-
turing processes, or the like, as such can vary. It is also to be understood that the terminology used herein is for purposes
of describing particular embodiments only, and is not intended to be limiting. It is also possible in the present disclosure
that steps can be executed in different sequence where this is logically possible.

[0014] Where arange of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit (unless the context clearly dictates otherwise), between the upper and lower limit of that range, and any other
stated or intervening value in that stated range, is encompassed within the disclosure. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges and are also encompassed within the dis-
closure, subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included limits are also included in the disclosure.

[0015] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can also be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described.

[0016] The citation of any publication is for its disclosure prior to the filing date and should not be construed as an
admission that the present disclosure is not entitled to antedate such publication by virtue of prior disclosure. Further,
the dates of publication provided could be different from the actual publication dates that may need to be independently
confirmed.

[0017] As will be apparent to those of skill in the art upon reading this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and features which may be readily separated from or combined
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with the features of any of the other several embodiments without departing from the scope of the present disclosure.
Any recited method can be carried out in the order of events recited or in any other order that is logically possible.
[0018] Embodiments of the present disclosure will employ, unless otherwise indicated, techniques of chemistry, syn-
thetic organic chemistry, paper chemistry, and the like, which are within the skill of the art. Such techniques are explained
fully in the literature.

[0019] The examples are put forth so as to provide those of ordinary skill in the art with a complete disclosure and
description of how to perform the methods and use the compositions and compounds disclosed and claimed herein.
Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, temperature, efc.), but some errors
and deviations should be accounted for. Unless indicated otherwise, parts are parts by weight, temperature is in °C, and
pressure is at or near atmospheric. Standard temperature and pressure are defined as 20 °C and 1 atmosphere.
[0020] It must be noted that, as used in the specification and the appended claims, the singular forms "a," "an," and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for example, reference to "a support”
includes a plurality of supports. In this specification and in the claims that follow, reference will be made to a number of
terms and phrases that shall be defined to have the following meanings unless a contrary intention is apparent.

Definitions

[0021] As used herein, the terms "paper" or "paper product" (these two terms can be used interchangeably herein)
are understood to include a sheet material that contains paper fibers, which may also contain other materials. Suitable
paper fibers include natural and synthetic fibers, for example, cellulosic fibers, wood fibers of all varieties used in pa-
permaking, other plant fibers, such as cotton fibers, fibers derived from recycled paper; and the synthetic fibers, such
as rayon, nylon, fiberglass, or polyolefin fibers. The paper product may be composed only of synthetic fibers. Natural
fibers may be mixed with synthetic fibers. For instance, in the preparation of the paper product, the paper web, or paper
material may be reinforced with synthetic fibers, such as nylon or fiberglass, or impregnated with nonfibrous materials,
such as plastics, polymers, resins, or lotions. As used herein, the terms "paper web" and "web" are understood to include
both forming and formed paper sheet materials, papers, and paper materials containing paper fibers. The paper product
may be a coated, laminated, or composite paper material. The paper product can be bleached or unbleached.

[0022] Paper can include, but is not limited to, writing papers and printing papers (e.g., uncoated mechanical, total
coated paper, coated free sheet, coated mechanical, uncoated free sheet, and the like), industrial papers, tissue papers
of all varieties, paperboards, cardboards, packaging papers (e.g., unbleached kraft paper, bleached kraft paper), wrapping
papers, paper adhesive tapes, paper bags, paper cloths, toweling, wallpapers, carpet backings, paper filters, paper
mats, decorative papers, disposable linens and garments, and the like.

[0023] Paper can include tissue paper products. Tissue paper products include sanitary tissues, household tissues,
industrial tissues, facial tissues, cosmetic tissues, soft tissues, absorbent tissues, medicated tissues, toilet papers, paper
towels, paper napkins, paper cloths, paper linens, and the like. Common paper products include printing grade (e.g.,
newsprint, catalog, rotogravure, publication, banknote, document, bible, bond, ledger, stationery), industrial grade (e.g.,
bag, linerboard, corrugating medium, construction paper, greaseproof, glassine), and tissue grade (sanitary, toweling,
condenser, wrapping).

[0024] In anexemplary embodiment, tissue paper may be a felt pressed tissue paper, a pattern densified tissue paper,
or a high bulk, uncompacted tissue paper. In an exemplary embodiment, the tissue paper may be creped or uncreped,
of a homogeneous or multilayered construction, layered or non-layered (blended), and one-ply, two-ply, or three or more
plies. In an exemplary embodiment, tissue paper includes soft and absorbent paper tissue products that are consumer
tissue products.

[0025] "Paperboard"is a paper that is thicker, heavier, and less flexible than conventional paper. Many hardwood and
softwood tree species are used to produce paper pulp by mechanical and chemical processes that separate the fibers
from the wood matrix. Paperboard can include, but is not limited to, semi-chemical paperboard, linerboards, container-
boards, corrugated medium, folding boxboard, and cartonboards.

[0026] In an exemplary embodiment, paper refers to a paper product such as dry paper board, fine paper, towel,
tissue, and newsprint products. Dry paperboard applications include liner, corrugated medium, bleached, and unbleached
dry paper board.

[0027] Inanembodiment, papercaninclude carton board, container board, and special board/paper. Paper caninclude
boxboard, folding boxboard, unbleached kraft board, recycled board, food packaging board, white lined chipboard, solid
bleached board, solid unbleached board, liquid paper board, linerboard, corrugated board, core board, wallpaper base,
plaster board, book bindery board, woodpulp board, sack board, coated board, gypsum board and the like.

[0028] "Pulp" refers to a fibrous cellulosic material. Suitable fibers for the production of the pulps are all conventional
grades, for example mechanical pulp, bleached and unbleached chemical pulp, recycled pulp, and paper stocks obtained
from all annuals. Mechanical pulp includes, for example, groundwood, thermomechanical pulp (TMP), chemothermo-
chemical pulp (CTMP), groundwood pulp produced by pressurized grinding, semi-chemical pulp, high-yield chemical
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pulp and refiner mechanical pulp (RMP). Examples of suitable chemical pulps are sulfate, sulfite, and soda pulps. The
unbleached chemical pulps, which are also referred to as unbleached kraft pulp, can be particularly used.

[0029] "Pulp slurry" refers to a mixture of pulp and water. The pulp slurry is prepared in practice using water, which
can be partially or completely recycled from the paper machine. It can be either treated or untreated white water or a
mixture of such water qualities. The pulp slurry may contain interfering substances (e.g., fillers). The filler content of
paper may be up to about 40% by weight. Suitable fillers are, for example, clay, kaolin, natural and precipitated chalk,
titanium dioxide, talc, calcium sulfate, barium sulfate, alumina, satin white or mixtures of the stated fillers.

[0030] "Papermaking process" is a method of making paper products from pulp comprising, inter alia, forming an
aqueous pulp slurry that can include a cellulosic fiber, draining the pulp slurry to form a sheet, and drying the sheet. The
steps of forming the papermaking furnish, draining, and drying may be carried out in any conventional manner generally
known to those skilled in the art.

General Discussion

[0031] In various exemplary embodiments described herein, quartz crystal microbalance (QCM) and quartz crystal
microbalance with dissipation (QCMD) techniques can be used for measuring characteristics of a creping adhesive film
similar to the creping adhesive film that is formed on a Yankee dryer during the tissue and towel manufacturing process.
In addition, exemplary embodiments discussed herein may use these techniques to predict performance of creping aids
utilized to form a creping adhesive film. Furthermore, exemplary embodiments of the present disclosure can predict
performance of creping aids utilized to form a creping adhesive film based on conditions (e.g. temperature, humidity,
and the like) present in tissue and towel manufacturing processes. Additionally, exemplary embodiments described
herein can be used to modify one or more characteristics of the creping adhesive film in real time to enhance and improve
the tissue and towel manufacturing process.

[0032] The Quartz Crystal Microbalance (QCM) is a mass sensing device with the ability to measure very small mass
changes on a quartz crystal resonator in real-time. The sensitivity of the QCM is approximately 100 times higher than
an electronic fine balance with a sensitivity of 0.1 mg. This means that QCM'’s are capable of measuring mass changes
as small as a fraction of a monolayer or single layer of molecules. QCM uses a voltage being applied to a quartz crystal
causing it to oscillate at a specific frequency, where different voltages correspond to different frequencies. Changes in
mass on the quartz surface are related to changes in frequency of the oscillating crystal through the Sauerbrey relationship.
Further theory and practical aspects of QCM can be found in Applications of Piezoelectric Quartz Crystal Microbalances;
C. Lu, A. W. Czanderna, ed., Amsterdam: Elsevier 1984, Polymer Film Characterization Using Quartz Resonators in
Proceedings of the Ultrasonics Symposium, New York, IEEE, US, vol. 1, 8 December 1991, pages 393-398, and Ca-
pabilities of the Dynamic Quartz-resonator Method for Determining the Viscoelastic Parameters of Thin Liquid Layers
in Journal of Engineering Physics and Thermophysics, Vol. 80, No. 1, 2007, pages 204-212.

[0033] The Sauerbrey relation is valid for rigid, evenly distributed, and sufficiently thin adsorbed layers (e.g., dry creping
adhesive film). However, for soft or viscoelastic films (e.g., wet creping adhesive film) that do not fully couple to the
oscillating crystal, the Sauerbrey relationship may underestimate the mass.

[0034] For viscoelastic films, Quartz Crystal Microbalance with Dissipation (QCMD) may be more appropriate. QCMD
measures both frequency and dissipation of the quartz crystal. Dissipation occurs when the driving voltage to the crystal
is shut off and the energy from the oscillating crystal dissipates from the system. The frequency of the oscillating quartz
crystal changes with the mass on the sensor. When molecules adsorb to an oscillating quartz crystal, water (or other
liquid) couples to the adsorbed material (e.g., the creping adhesive layer) as an additional dynamic mass via direct
hydration and/or entrapment within the adsorbed film. Thus, the layer is sensed as a viscoelastic "hydrogel" composed
of the molecules and the coupled water. By measuring the dissipation, one can determine if the adsorbed film is rigid
or viscoelastic (soft), which is not possible looking only at the frequency response.

[0035] Dissipation measurements enable qualitative analysis of the structural properties of adsorbed molecular layers.
Different materials can easily be compared and one can ascertain if the Sauerbrey relation will accurately approximate
the adsorbed mass or not. Furthermore, the QCMD technology allows quantitative analysis of the mass, thickness,
viscosity and complex shear modulus, for example, of the adsorbed films (e.g., the creping adhesive layer) whereas
these measurements are well beyond the Sauerbrey regime. This is achieved by combining frequency and dissipation
measurements from multiple harmonics (overtones) and applying simulations using a Voigt-based viscoelastic model.
QCMD enables real-time measurements of both mass and structural properties of molecular layers. Measuring the
dissipation parameter allows accurate analysis of soft films that do not obey the linear relation between change in
frequency and change in mass. A basic explanation of the QCMD technology is found in Energy Dissipation Kinetics for
Protein and Antibody-Antigen Adsorption under Shear Oscillation on a Quartz Crystal Microbalance in Langmuir 1998,
14, 729-734 by Hook et al. Interpretation of QCMD data and applying the viscoelastic model is well described in: Analysis
of Interpenetrating Polymer Networks via Quartz Crystal Microbalance with Dissipation monitoring in Langmuir. 2005
Jun7;21(12):5529-36 by Irwin et al. Details on the application of QCMD for assessing the properties of polymer multilayers
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can be found in: Visco-elastic and adhesive properties of adsorbed polyelectrolyte multilayers determined in situ with
QCM-D and AFM measurements in Journal of Colloid and Interface Science, 292 (2005). 29-37 by Notley et al.
[0036] In an exemplary embodiment, QCM and/or QCMD techniques can be used to characterize one or more prop-
erties of a creping adhesive film. Creping adhesive films tend to be rigid when they are completely dry but when the
films absorb moisture they become soft (viscoelastic). QCM, QCMD, or a combination of thereof can provide valuable
information on the interaction of moisture with the adhesive films and their viscoelastic characteristics. In an exemplary
embodiment, QCM techniques can be used to measure rigid films and QCMD techniques can be used to measure soft
films. This information can be used to modify one or more components or properties of the creping adhesive films, the
temperature of the environment around the creping adhesive films, the humidity of the environment around the creping
adhesive films, or the like, or a combination thereof.

[0037] In anexemplary embodiment, the creping adhesive film can be disposed (e.g., cast) on a quartz crystal sensor
using any of various known or later-developed techniques. Exemplary film deposition techniques include, for example,
dip coating, sputtering, thermal evaporation, spin coating, and/or other appropriate method. In an exemplary embodiment,
the creping adhesive film can have a thickness of about 1 nanometer to 1000 micrometers, which is consistent with the
creping adhesive film thickness on a Yankee dryer. In an exemplary embodiment, the length and/or width of the creping
adhesive film can vary depending on the dimensions of the sensor.

[0038] Ingeneral, quartz crystal sensors used in QCM and QCMD techniques are well known in the art. In an exemplary
embodiment, the quartz crystal sensor can have a diameter of about 14 mm and a thickness of about 0.3 mm. In an
exemplary embodiment, the sensor can have a metal, metal oxide layer, and/or polymer layer disposed on portions of
and/or around the sensor. In an exemplary embodiment, the metal oxide can include: SiO,, Al,O4, Ti, Pt, Ag, W, Cu,
Cr, Ir, Ta, FeCs, TaN, CeO,, Fe, Zn, ZnO,, FeO;, ZnS, FeS, stainless steel, and the like. In an exemplary embodiment,
the polymer can include PS, PC, PMMA, a fluoropolymer, PE, PP, and the like. In addition, the quartz crystal sensor
includes appropriate contacts to connect with a device to drive and control the frequency and to measure the oscillation
frequency change. The oscillation frequency data can be communicated to a device such as a computer, where the data
can be subsequently analyzed and various characteristics determined about the creping adhesive film.

[0039] In an exemplary embodiment, the creping adhesive film can be cast on a quartz crystal using a spin coating
technique. In an embodiment, the spin coating technique can be used to form a thickness of about a few nanometers
orless of the creping adhesive film on the sensor. In an embodiment, these ultrathin films can be prepared within minutes,
significantly accelerating the film preparation process compared to conventional methods described above.

[0040] After curing at a high temperature (e.g., about 50 to 150° C) for a period of time (e.g., for about 60 min, about
30 min, or less), the creping adhesive film can be analyzed using a QCM and/or QCMD at one or more frequencies. In
addition, the creping adhesive film can be exposed either to a water flow (also referred to as the flow module in the
Example) or humid air (also referred to as the humidity module in the Example) in a QCM and/or QCMD chamber and
changes in oscillation frequency can be recorded at one or more frequencies. The frequency data can be further analyzed
using established models. In an exemplary embodiment, the frequency data can be used to generate one or more
characteristics of the creping adhesive film (e.g., weight change, percent solubility, rewet ratio, film viscosity, film elasticity,
shear modulus, percent insolubility, swelling ratio, film softness, film rigidity, and a combination thereof can be calculated),
each of which can be analyzed as a function of moisture exposure (e.g., flow module and/or humidity module), temperature
(e.g., about 10 to 100° C), water flow rate, relative humidity (e.g., about 0 to 100%), film preparation conditions (cure
time, cure temperature, film thickness, etc.), and a combination thereof. The variables of temperature and/or water
exposure can be designed to resemble the actual conditions that the crepe adhesive film is experiencing during paper
processing so modifications can be made in real time if desired. In an embodiment, film solubility, rewet ratio, weight
change, and/or shear modulus of creping adhesive films can be measured separately or simultaneously depending on
the crepe adhesive type and the instrument configuration. In an embodiment, the data and characteristics can be used
to predict adhesive performance and can be used to modify, in real time, the composition of the components in the
creping adhesive layer to improve the characteristics of the creping adhesive layer.

[0041] In an exemplary embodiment, the method of measuring a characteristic of a creping adhesive film includes
disposing a creping adhesive film on a sensor substrate using one of the techniques described herein. One or more
frequencies can be applied to the sensor substrate and the oscillation frequency of the sensor substrate can be measured
using a QCM and/or QCMD technique. The data acquired can be used to determine one or more characteristics of the
creping adhesive film. In an embodiment, one or more frequencies can be applied using the QCM and/or QCMD tech-
niques to the sensor substrate under various conditions (e.g., modification of the temperature, exposure to humidity
(before and after), exposure to water (before and after), and the like), where the conditions can be designed to resemble
the actual processing conditions that the creping adhesion film is experiencing during tissue and towel production.
[0042] The exemplary embodiments may be used to characterize any creping adhesive. In an embodiment, the creping
adhesive film can be made using one or more of the following components: a creping adhesive, a release aid, a modifier,
a plasticizer, a humectant, a phosphate, a creping additive, a mineral, hemicellulose, a fiber, a fine, a fiber fragment, a
softener, a debonder, a defoamer, wet strength resin, a dry strength resin, a charge control agent, a retention aid, a
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biocide, a dye, and a combination thereof. In an embodiment, the creping adhesive can include a polyvinyl alcohol,
polyamine/epihalohydrin resin (e.g., PAE), polyacrylamide, carboxymethylcellulose, polyvinyl acetate, and the like. Com-
ponents to make a creping adhesive film are known in the art. Embodiments of the present disclosure are not limited by
the components of the creping adhesive film.

[0043] Anexemplary embodiment ofthe present disclosure allows for the measurement of characteristics of the creping
adhesive film as a function of one or more of the components that are used to make the creping adhesive film and/or
that may become in contact (e.g., fibers, chemicals from the pulp slurry, and the like), and possible part of, the creping
adhesive film. In addition, an exemplary embodiment of the present disclosure provides one of skill in the art information
about the characteristics of the creping adhesive film so that the amounts and/or types of components of the creping
adhesive film can be modified to achieve desired results. In an exemplary embodiment, the modification can occur in
real time (e.g., less than about 1 hour) or near real time (e.g., about 1 to 8 hours or about 1 to 4 hours) unlike other
methods. In an exemplary embodiment, the modification can be made prior to being implemented in the manufacturing
process and measured using the QCM and/or QCMD technique to ensure that the desired characteristics are realized
using the modified creping adhesive film. Thus, an exemplary embodiment of the present disclosure enables the creping
adhesive film to be designed and tested prior to implementation.

[0044] As mentioned above, an exemplary embodiment of the present disclosure includes a method for modifying the
creping adhesive film disposed on a Yankee dryer (e.g., in real time or near real time). In an exemplary embodiment,
the method includes obtaining a sensor substrate having a creping adhesive film disposed thereon. In an embodiment,
the creping adhesive film has a composition that is the same or similar to a creping adhesive film disposed on a Yankee
dryer. Next, one or more frequencies can be applied to the sensor substrate and the oscillation frequency of the sensor
substrate can be measured using a QCM and/or QCMD technique. The data acquired can be used to determine one or
more characteristics of the creping adhesive film. In an embodiment, one or more frequencies can be applied using the
QCM and/or QCMD techniques to the sensor substrate under various conditions (e.g., modification of the temperature,
exposure to humidity (before and after), exposure to water (before and after), and the like), where the conditions can
be designed to resemble the actual processing conditions that the creping adhesion film is experiencing. Once the data
has been analyzed, the composition of the creping adhesive film disposed on the Yankee dryer can be modified (e.g.,
as described herein) based on the analysis of the characteristic(s) of the creping adhesive film. This process can be
repeated as needed to obtain the desired creping adhesive film and resulting tissue or towel product. As noted above,
the analysis may include modifying the composition of the creping adhesion film and testing it prior to implementing the
modified creping adhesion film in the manufacturing process. Thus, an exemplary embodiment of the present disclosure
enables the creping adhesive film to be designed and tested prior to implementation, which can be conducted in real
time or near real time.

[0045] The present disclosure of further illustrated by the following five clauses depicted as exemplary embodiments:
[0046] In an exemplary embodiment the present disclosure discloses a method of measuring a characteristic of a
creping adhesive film, comprising: disposing a creping adhesive film on a sensor substrate; measuring an oscillation
frequency of the sensor substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance
(QCM) technique; and determining a characteristic of the creping adhesive film, wherein the creping adhesive film
includes one or more creping adhesives, and wherein the creping adhesive film includes a component selected from
the group consisting of: a release aid, a modifier, a plasticizer, a humectant, a phosphate, a creping additive, and a
combination thereof.

[0047] In another exemplary embodiment, the present disclosure discloses a method of measuring a characteristic of
a creping adhesive film, comprising: disposing a creping adhesive film on a sensor substrate; measuring an oscillation
frequency of the sensor substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance
(QCM) technique; and determining a characteristic of the creping adhesive film, wherein the creping adhesive film
includes one or more creping adhesives and wherein the creping adhesive film includes a component selected from the
group consisting of: a mineral, a hemicellulose, a fiber, a fine, a fiber fragment, and a combination thereof.

[0048] In another exemplary embodiment, the present disclosure discloses a method of measuring a characteristic of
a creping adhesive film, comprising: disposing a creping adhesive film on a sensor substrate; measuring an oscillation
frequency of the sensor substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance
(QCM) technique; and determining a characteristic of the creping adhesive film, wherein the QCM technique includes
Quartz Crystal Microbalance with Dissipation (QCMD).

[0049] A method for modifying the creping adhesive film disposed on a Yankee dryer, comprising: obtaining a sensor
substrate having a creping adhesive film disposed thereon, wherein the creping adhesive film has a composition that is
the same as a creping adhesive film disposed on a Yankee dryer; measuring an oscillation frequency of the sensor
substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance (QCM) technique;
determining a characteristic of the creping adhesive film; and modifying a composition of the creping adhesive film
disposed on the Yankee dryer based on the determination of the characteristic, wherein the characteristic is selected
from the group consisting of: percent solubility, percent insolubility, rewet ratio, swelling ratio, film viscosity, film elasticity,
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film softness, film rigidity, shear modulus, and a combination thereof.

[0050] A method for modifying the creping adhesive film disposed on a Yankee dryer, comprising: obtaining a sensor
substrate having a creping adhesive film disposed thereon, wherein the creping adhesive film has a composition that is
the same as a creping adhesive film disposed on a Yankee dryer; measuring an oscillation frequency of the sensor
substrate having the creping adhesive film disposed thereon using a Quartz Crystal Microbalance (QCM) technique;
determining a characteristic of the creping adhesive film; and modifying a composition of the creping adhesive film
disposed on the Yankee dryer based on the determination of the characteristic, further comprising: determining how to
adjust one or more components of the composition of the creping adhesive film to achieve adjustment of a characteristic
of the creping adhesive film, wherein the components are selected from the group consisting of: a creping adhesive, a
release aid, a modifier, a plasticizer, a humectant, a phosphate, a creping additive, a mineral, a hemicellulose, a fiber,
a fine, a softener, a debonder, a defoamer, a wet strength resin, a dry strength resin, a charge control agent, a retention
aid, a biocide, a dye, and a combination thereof; and wherein the characteristic is selected from the group consisting
of: percent solubility, percent insolubility, rewet ratio, swelling ratio, film viscosity, film elasticity, film softness, film rigidity,
shear modulus, and a combination thereof.

EXAMPLES

[0051] Now having described the embodiments, in general, the examples describe some additional embodiments.
While embodiments are described in connection with the examples and the corresponding text and figures, there is no
intent to limit embodiments of the disclosure to these descriptions. On the contrary, the intent is to cover all alternatives,
modifications, and equivalents included within the scope of exemplary embodiments.

Examples:

Experimental Data

Creping adhesives:

[0052] Commercial polyamidoamine-epichlorohydrin resins were used in these studies, designated as Sample A,
Sample B.

Conventional tests:

[0053] Film insolubility and rewettability were measured in a combined test. For each adhesive sample, an adhesive
film of a fixed thickness was prepared in a beaker by drying at 90°C for 1 hr followed by 4 hr drying at 110°C. The dry
film was weighed (initial dry film weight), covered with distilled water and agitated in a shaker at room temperature. The
undissolved solids were separated, weighed (wet film weight after agitation in water), dried and weighed again (dry film
weight after solubilization). The Percent Insolubility and Rewet Ratio were calculated as follows:

Percent Insolubility= [(Dry film weight after solubilization)/( Initial dry film weight)] x 100

Rewet Ratio = (Wet film weight after agitation in water)/(Dry film weight after solubilization)

[0054] Film shear modulus was measured using an Anton Paar MCR 300 Rheometer. Adhesive films (1 mm thickness)
were cast by drying at 90°C for 5-8 hrs. Small disks having 8-mm in diameter were punched out of the adhesive films
using a die. The disks were re-dried at 90°C prior to testing. The geometry used for the oscillation test was parallel
plates. The shear storage and the shear loss modulus were determined at 110°C, 100Hz and 1% strain. The complex
shear modulus referred to as "shear modulus" was calculated from the shear storage and shear loss moduli.

QCMD test:

[0055] A creping adhesive solution was spin coated on a gold coated quartz crystal sensor. The adhesive coated
sensors was dried and cured in an oven at 110°C for 15 min. Depending on the adhesive solution and its viscosity, the
film thickness of dry films ranged from about 20-150 nm.

[0056] A Q-Sense E4 system (Biolin Scientific AB, Vastra Frolunda, Sweden) was used to make QCMD measurements
for real-time studies of mass or thickness changes and viscoelastic properties of creping adhesive films exposed to
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moisture. Two QCMD modules were used. A flow module was used for measuring the film insolubility and rewet ratio
parameters. In this module, water flows over the creping adhesive film. A humidity module was used for measuring the
rewet ratio and shear modulus. In the humidity module, creping adhesive films were exposed to a controlled level of
humid air. Relative humidity levels were generated by using various salt solutions that pass through a cell separated by
a gas permeable membrane. The membrane prevented the coated sensor from contact with the liquid, but allowed humid
air to penetrate and create a controlled relative humidity (RH) level over the sensor. In both modules the temperature
can be controlled from room temperature to 50°C. For this Example, all the QCMD measurements were carried out at
room temperature.

[0057] In the QCMD flow module test, the film thickness of the dry adhesive film was first measured using QCMD.
Then water was passed through the chamber where an adhesive coated sensor was placed. The oscillating frequency
change was recorded until equilibrium reached, which took approximately 1 hr. The modeling within the Q-Sense software
allowed calculation of the film thickness and weight changes. After the QCMD run, the sensor with the remaining coating
film was re-dried and the film thickness was measured again. Two typical curves shown in Figures 1A and 1B have been
constructed based on the QCMD results, one for a relatively insoluble film such as Sample A and another for a soluble
adhesive film such as Sample B.

[0058] The % insolubility and rewet ratio were calculated as follows:

YInsolubility == x 100

) di1
Rewet Ratio = —
dz

[0059] Inthe humidity module test, aliquid with a salt solution was passed through the cell to generate the predetermined
relative humidity level (e.g., RH1, RH2, RH3, etc.). A thickness change as shown in Figure 2 was calculated using the
Q-sense modeling software. A typical curve was observed for tested adhesive as the RH was changing.

[0060] The rewet ratio was calculated as follows:

dz2

d_ldl % 100 for a change between RH1 to RH2

Rewet ratio 1 =

d3

Rewet ratio 2 = _1d1 X 100 for a change between RH1 to RH3.

d

[0061] The humidity module rewet ratio is different from the flow module rewet ratio since one is measured in humid
air and another in water, but both can be useful indicators of the creping adhesive performance.
[0062] A shear modulus corresponding to each RH level was also calculated using the Q-sense modeling software.

Peel adhesion test:

[0063] An adhesive film was cast on a hot metal plate using a wire-wound rod. The film was cured for a set time before
a wet cotton strip was pressed into the film. After the strip and the film were dried for a set time, the peel force was
measured in a 180° peel test under controlled temperature and peel speed. Two temperature conditions were used to
simulate extreme curing conditions: (1) Low temperature (LT) - 90°C for 30 sec and (2) High temperature (HT) - 110°C
for 5 min.

Crepe Adhesive Characteristics Measurements:
[0064] Table 1 summarizes characteristics of two commercial adhesives, Sample A and Sample B, and their blends

measured using both conventional and QCMD methods. The results in Figures 3A to 3C show excellent linear correlations
between % insolubility, rewet ratio, and shear modulus, measured by conventional and QCMD methods.
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Table 1: Characteristics of creping adhesives measured by conventional and QCMD techniques.

Sample A/Sample B Conventional methods QCMD methods

blends (‘?'W basis Y%lnsolubility Rewet Shear % Rewet ratio Shear Modulus

ratio) ratio | Modulus | Insolubility | (flow module) | (Pa) (humidity
(kPa) module)

100/0 69 16 365 51 5.2 3.3
75/25 62 22 43 8.1
50/50 54 30 230 33 10.4 1.2
25/75 45 53 21 22.3
0/100 0 n/a* 150 15 6.5 0.02

[0065] The data points for 100% Sample B were not used in correlations for % insolubility and rewet ratio because
Sample B completely solubilizes in the conventional test; whereas in the QCMD test soluble adhesive films can still be
fully characterized.

[0066] The data in Table 2 shows that the time required for QCMD measurements was significantly shorter than for
conventional methods.

Table 2: Time required for measuring crepe adhesive characteristics using conventional and QCMD methods.

Measured characteristics Test Time for Conventional methods (hr) | Test Time for QCM-D methods (hr)
%Insolubility 10 5
Rewet ratio 10 5
Shear modulus 10 3

[0067] Furthermore, QCMD data can be used to predict adhesion performance of creping adhesives. Table 3 sum-
marizes the data for creping adhesive characteristics measured by QCMD method and corresponding peel adhesion
data at two test temperatures. The two peel test temperatures exemplify extreme conditions on the Yankee dryer, which
would require different film adhesive characteristics with regard to insolubility, rewet, and shear modulus.

Table 3: Film characteristics measured using QCMD and corresponding peel adhesion.

Sample A/ Sample B QCMD methods Peel Adhesion
blends (‘?"y basis %Insolubility | Rewet Shear Peel Force at low Peel Force at high
ratio) ratio Modulus temperature (LT) (g- temperature (HT) (g-
(Pa) force) force)

0 51 5.2 3.3 920 110

25 43 8.1 805 170
50 33 104 1.2 665 345
75 21 22.3 455 455

100 0.02 410 550

[0068] Figures 4A to 4F illustrate the correlation between peel force and the characteristics measured by QCMD. The
QCMD methods predict that an adhesive producing a highly insoluble film with a low rewet ratio and high shear modulus
(hard film) should provide high adhesion when the Yankee dryer temperature runs on a low side. This is consistent with
practical observations that require a harder and less moisture sensitive coating to perform well under low temperature
creping operations. In contrast, for the high temperature Yankee dryer, the QCMD method predicts that a more soluble,
highly rewettable and soft film (low shear modulus) is preferred to provide high adhesion. Again, this is consistent with
a desire for soft and rewetable coating for high temperature creping operations.

[0069] It should be noted that ratios, concentrations, amounts, and other numerical data may be expressed herein in
a range format. It is to be understood that such a range format is used for convenience and brevity, and thus, should
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be interpreted in a flexible manner to include not only the numerical values explicitly recited as the limits of the range,
but also to include all the individual numerical values or sub-ranges encompassed within that range as if each numerical
value and sub-range is explicitly recited. To illustrate, a concentration range of "about 0.1% to about 5%" should be
interpreted to include not only the explicitly recited concentration of about 0.1 wt% to about 5 wt%, but also include
individual concentrations (e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%)
within the indicated range. In an embodiment, the term "about" can include traditional rounding according to the numerical
value and what is being measured. In addition, the phrase "about 'x’ to 'y includes "about 'x’ to about 'y".

[0070] It should be emphasized that the above-described embodiments of the present disclosure are merely possible
examples of implementations, and are merely set forth for a clear understanding of the principles of this disclosure.
Many variations and modifications may be made to the above-described embodiment(s) of the disclosure without de-
parting substantially from the principles of the disclosure. All such modifications and variations are intended to be included
herein within the scope of this disclosure and protected by the following claims.

Claims
1. A method for modifying a creping adhesive film disposed on a Yankee dryer, comprising:

obtaining a sensor substrate having a creping adhesive film disposed thereon, wherein the creping adhesive
film has a composition that is the same as the creping adhesive film disposed on the Yankee dryer;
measuring an oscillation frequency of the sensor substrate having the creping adhesive film disposed thereon
using a Quartz Crystal Microbalance (QCM) technique;

determining a characteristic of the creping adhesive film; and

modifying a composition of the creping adhesive film disposed on the Yankee dryer based on the determination
of the characteristic.

2. The method of claim 1, wherein the creping adhesive disposed on the sensor is obtained from a device that provides
the components of the creping adhesive film to the Yankee dryer.

3. The method of claim 1, further comprising: determining how to adjust one or more components of the composition
of the creping adhesive film to achieve adjustment of a characteristic of the creping adhesive film.

4. The method of claim 1, further comprising: measuring an oscillation frequency dissipation of the sensor substrate
after the driving potential is removed from the sensor substrate.

5. The method of claim 1, further comprising:
exposing the sensor substrate to a humid environment, wherein the creping adhesive film absorbs water from
the humid environment; and

measuring an oscillation frequency of the sensor substrate using the QCM technique.

6. The method of claim 5, further comprising: measuring an oscillation frequency dissipation of the sensor substrate
after the driving potential is removed from the sensor substrate.

7. The method of claim 1, further comprising:
disposing a quantity of water onto the creping adhesive film, wherein the creping adhesive film absorbs the
water; and

measuring an oscillation frequency of the sensor substrate using the QCM technique.

8. The method of claim 7, further comprising: measuring an oscillation frequency dissipation of the sensor substrate
after the driving potential is removed from the sensor substrate.

9. The method of claim 1, wherein the characteristic is selected from the group consisting of: percent solubility, percent
insolubility, rewet ratio, swelling ratio, film viscosity, film elasticity, film softness, film rigidity, shear modulus, and a

combination thereof.

10. The method of claim 1, wherein measuring an oscillation frequency includes measuring at two or more frequencies

1"
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that are applied to the sensor substrate.

11. The method of claim 1, wherein exposing the sensor substrate includes exposing the sensor substrate at a first
temperature, wherein the first temperature is a temperature of about 10 to 100° C.

12. The method of claim 11, further comprising:
measuring an oscillation frequency of the sensor substrate at two or more temperatures using the QCM technique.

13. The method of claim 1, wherein the creping adhesive film includes one or more creping adhesives.

14. The method of claim 11, wherein the creping adhesive film includes a component selected from the group consisting
of: a softener, a debonder, a defoamer, a wet strength resin, a dry strength resin, a charge control agent, a retention
aid, a biocide, a dye, and a combination thereof.

Patentanspriiche

1. Verfahren zum Modifizieren einer Kreppklebefolie, der auf einem Yankee-Trockner angeordnet ist, umfassend:

Erhalten eines Sensorsubstrats mit einer darauf angeordneten Kreppklebefolie, wobei die Kreppklebefolie eine
Zusammensetzung aufweist, die der Kreppklebefolie entspricht, die auf dem Yankee-Trockner angeordnet ist;
Messen einer Schwingungsfrequenz des Sensorsubstrats mit der darauf angeordneten Kreppklebefolie unter
Verwendung einer Quarzkristall-Mikrowaage (QCM) -Technik;

Bestimmen einer Eigenschaft der Kreppklebefolie; und

Modifizieren einer Zusammensetzung der Kreppklebefolie, die auf dem Yankee-Trockner angeordnet ist, ba-
sierend auf der Bestimmung der Eigenschaft.

2. Verfahren nach Anspruch 1, wobei der auf dem Sensor angeordnete Kreppklebstoff von einer Vorrichtung erhalten
wird, die die Komponenten der Kreppklebefolie dem Yankee-Trockner bereitstellt.

3. Verfahren nach Anspruch 1, ferner umfassend: Bestimmen, wie eine oder mehrere Komponenten der Zusammen-
setzung der Kreppklebefolie eingestellt werden sollen, um eine Einstellung einer Eigenschaft der Kreppklebefolie
zu erreichen.

4. Verfahren nach Anspruch 1, ferner umfassend: Messen einer Schwingungsfrequenzdissipation des Sensorsubst-
rats, nachdem das Antriebspotential von dem Sensorsubstrat entfernt wurde.

5. Verfahren nach Anspruch 1, ferner umfassend:

Aussetzen des Sensorsubstrats einer feuchten Umgebung, wobei die Kreppklebefolie Wasser aus der feuchten
Umgebung absorbiert; und
Messen einer Schwingungsfrequenz des Sensorsubstrats unter Verwendung der QCM-Technik.

6. Verfahren nach Anspruch 5, ferner umfassend: Messen einer Schwingungsfrequenzdissipation des Sensorsubst-
rats, nachdem das Antriebspotential von dem Sensorsubstrat entfernt wurde.

7. Verfahren nach Anspruch 1, ferner umfassend:

Aufbringen einer Menge Wasser auf die Kreppklebefolie, wobei die Kreppklebefolie das Wasser absorbiert; und
Messen einer Schwingungsfrequenz des Sensorsubstrats unter Verwendung der QCM-Technik.

8. Verfahren nach Anspruch 7, ferner umfassend: Messen einer Schwingungsfrequenzdissipation des Sensorsubst-
rats, nachdem das Antriebspotential von dem Sensorsubstrat entfernt wurde.

9. Verfahren nach Anspruch 1, wobei die Eigenschaft ausgewahlt ist aus der Gruppe bestehend aus: prozentualer

Loslichkeit, prozentualer Unléslichkeit, Wiederbenetzungsverhaltnis, Quellverhaltnis, Filmviskositat, Filmelastizitat,
Filmweichheit, Filmsteifigkeit, Schermodul und einer Kombination davon.
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Verfahren nach Anspruch 1, wobei das Messen einer Schwingungsfrequenz das Messen bei zwei oder mehr Fre-
quenzen umfasst, die auf das Sensorsubstrat angewendet werden.

Verfahren nach Anspruch 1, wobei das Aussetzen des Sensorsubstrats das Aussetzen des Sensorsubstrats bei
einer ersten Temperatur umfasst, wobei die erste Temperatur eine Temperatur von etwa 10 bis 100 °C ist.

Verfahren nach Anspruch 11, ferner umfassend:
Messen einer Schwingungsfrequenz des Sensorsubstrats bei zwei oder mehr Temperaturen unter Verwendung der
QCM-Technik.

Verfahren nach Anspruch 1, wobei die Kreppklebefolie einen oder mehrere Kreppklebstoffe enthalt.

Verfahren nach Anspruch 11, wobei die Kreppklebefolie eine Komponente umfasst, die ausgewahlt ist aus der
Gruppe bestehend aus: einem Weichmacher, einem Debonder, einem Entschaumer, einem nassfesten Harz, einem
trockenfesten Harz, einem Ladungskontrolimittel, einem Retentionshilfsmittel, einem Biozid, einem Farbstoff und
einer Kombination davon.

Revendications

1.

Procédé de modification d’un film adhésif de crépage disposé sur un sécheur-frictionneur, comprenant :

I'obtention d’un substrat de capteur ayant un film adhésif de crépage disposé sur celui-ci, dans lequel le film
adhésif de crépage a une composition qui est la méme que le film adhésif de crépage disposé sur le sécheur-
frictionneur ;

la mesure d’une fréquence d’oscillation du substrat de capteur ayant le film adhésif de crépage disposé sur
celui-ci en utilisant une technique de microbalance a cristal de quartz (QCM) ;

la détermination d’'une caractéristique du film adhésif de crépage ; et

la modification d’'une composition du film adhésif de crépage disposé sur le sécheur-frictionneur sur la base de
la détermination de la caractéristique.

Procédé selon la revendication 1, dans lequel 'adhésif de crépage disposé sur le capteur est obtenu a partir d’'un
dispositif qui fournit les composants du film adhésif de crépage au sécheur-frictionneur.

Procédé selon la revendication 1, comprenant en outre : la détermination de la maniere d’ajuster un ou plusieurs
composants de la composition du film adhésif de crépage pour obtenir un ajustement d’une caractéristique du film

adhésif de crépage.

Procédé selon la revendication 1, comprenant en outre : la mesure d’'une dissipation de fréquence d’oscillation du
substrat de capteur apres que le potentiel d’excitation est éliminé du substrat de capteur.

Procédé selon la revendication 1, comprenant en outre :
I'exposition du substrat de capteur a un environnement humide, dans lequel le film adhésif de crépage absorbe
'eau de I'environnement humide ; et

la mesure d’une fréquence d’oscillation du substrat de capteur en utilisant la technique QCM.

Procédé selon la revendication 5, comprenant en outre : la mesure d’'une dissipation de fréquence d’oscillation du
substrat de capteur apres que le potentiel d’excitation est éliminé du substrat de capteur.

Procédé selon la revendication 1, comprenant en outre :
la disposition d’une quantité d’eau sur le film adhésif de crépage, dans lequel le film adhésif de crépage absorbe
I'eau ; et

la mesure d’une fréquence d’oscillation du substrat de capteur en utilisant la technique QCM.

Procédé selon la revendication 7, comprenant en outre : la mesure d’'une dissipation de fréquence d’oscillation du
substrat de capteur apres que le potentiel d’excitation est éliminé du substrat de capteur.
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Procédé selon larevendication 1, dans lequel la caractéristique est choisie dans le groupe constitué : de pourcentage
de solubilité, de pourcentage d’insolubilité, de taux de réhumidification, de taux de gonflement, de viscosité de film,
d’élasticité de film, de douceur de film, de rigidité de film, de module de cisaillement, et d’'une combinaison de ceux-ci.

Procédé selon la revendication 1, dans lequel la mesure d’une fréquence d’oscillation comporte la mesure a deux
fréquences ou plus qui sont appliquées au substrat de capteur.

Procédé selon la revendication 1, dans lequel I'exposition du substrat de capteur comporte I'exposition du substrat
de capteur a une premiere température, dans lequel la premiere température est une température d’environ 10 a
100 °C.

Procédé selon la revendication 11, comprenant en outre :
la mesure d’une fréquence d’oscillation du substrat de capteur a deux températures ou plus en utilisant la technique
QCM.

Procédé selon la revendication 1, dans lequel le film adhésif de crépage comporte un ou plusieurs adhésifs de
crépage.

Procédé selon la revendication 11, dans lequel le film adhésif de crépage comporte un composant choisi parmi le
groupe constitué : d’un assouplissant, d’'un agent déliant, d’'un antimousse, d’'une résine résistant a I’humidité, d’'une
résine résistant au sec, d’'un agent de régulation de charge, d’'un adjuvant de rétention, d’un biocide, d’'un colorant
et d’'une combinaison de ceux-ci.
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